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Key indicators: single-crystal X-ray study; T = 153 K; mean a(C—C) = 0.005 A; 
disorder in main residue; R factor = 0.074; wR factor = 0.254; data-to-parameter 
ratio = 9.8. 



In the title mixed salt, 2C 16 H 15 N2 + -C 6 H4C10 3 S~NCV, one of 
the cations shows whole molecule disorder over two sets of 
sites in a 0.711 (7):0.289 (7) ratio. The 4-chorobenzenesulfon- 
ate anion is also disordered over two orientations in a 
0.503 (6):0.497 (6) ratio. The cations are close to planar, the 
dihedral angles between the pyridinium and indole rings being 
1.48 (3)° in the ordered cation, and 5.62 (3) and 2.45 (3)°, 
respectively, for the major and minor components of the 
disordered cation. In the crystal, the cations are stacked in an 
antiparallel manner approximately along the a-axis direction 
and linked with the anions via N— H- ■ O hydrogen bonds and 
C— IT ■ O interactions, generating a three-dimensional 
network. Weak C— H- ■ -it and 7T-7T interactions [with 
centroid-centroid distances of 3.561 (2)-3.969 (7) A] are also 
observed. 

Related literature 

For related structures, see: Chantrapromma et al. (2008); 
Chantrapromma & Fun (2009). For background to non-linear 
optical materials, see: Dittrich et al. (2003); Nogi et al. (2000); 
Raimundo et al. (2002); Ruanwas et al. (2010); Sato et al. 
(1999). 




o 



Experimental 

Crystal data 

2C 16 H 1 5N 2 + -C 6 H 4 C10 3 S"NO_r 

M r = 724.21 

Triclinic, PI 

a = 8.7540 (7) A 

b = 13.6648 (10) A 

c = 15.3465 (11) A 

o- = 97.206 (1)° 

P = 91.186 (2)° 

Data collection 

Bruker APEXII CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2005) 
T*&, = 0.890, T max = 0.970 

Refinement 

R[F 2 > 2a(F 2 )} = 0.074 

wR(F 2 ) = 0.254 

S = 1.05 

6217 reflections 

636 parameters 



y = 99.924 (1)° 
V = 1792.3 (2) A 3 
Z = 2 

Mo Ka radiation 
li = 0.22 mm -1 
T = 153 K 

0.55 x 0.47 x 0.14 mm 



9106 measured reflections 
6217 independent reflections 
4480 reflections with / > 2a(I) 
R in . = 0.021 



206 restraints 

H-atom parameters constrained 
A/w = 0.87 e A~ 3 
APmi,, = -0-29 e A~ 3 



Table 1 

Hydrogen-bond geometry (A, °). 

Cg3, Cg6, Cg7 and Cg9 are the centroids of the C16-C21, C32-C37, N4AI 
C30,4-C32,4/C37.4 and C32A-C37A rings, respectively. 



D-H-A 




D-H 


H- ■ A 


D- ■ A 


D-H 


• -A 


N2-H1JV2- ■ 


03A 


0.78 


2.19 


2.937 (9) 


161 




N4-HUV4- ■ 


04' 


0.81 


2.43 


3.220 (11) 


165 




N4-HliV4- ■ 


05' 


0.81 


2.32 


2.987 (8) 


141 




C3^-H3^ 


■•05" 


0.93 


2.43 


3.246 (13) 


146 




C8-H&4- ■ Q2A m 


0.93 


2.40 


3.213 (8) 


146 




C10-H10^- 


■05 ,v 


0.93 


2.51 


3.234 (6) 


134 




C18-H18^1- 


■01A V 


0.93 


2.52 


3.345 (8) 


148 




C22-H22A- 


■ou s 


0.96 


2.45 


3.368 (9) 


160 




C22-H22C- 


■02A vi 


0.96 


2.32 


3.082 (9) 


136 




C26-H26.4- 


■06™ 


0.93 


2.53 


3.440 (7) 


168 




C15-H15/1- 


■Cg6 vil 


0.93 


2.71 


3.550 (6) 


151 




C15-H15/1- 


Cg7™ 


0.93 


2.94 


3.844 (10) 


165 




C15-H15/1- 


■Cg9™ 


0.93 


2.83 


3.656 (13) 


149 




C34-H34/1- 


■Cg3" 


0.93 


2.78 


3.602 (7) 


149 




C38-H38C- 


■Cg6 a 


0.96 


2.95 


3.714 (8) 


137 




C38-H38C- 


■Cg9 v " 


0.96 


2.83 


3.627 (14) 


141 




C34A-H34B 


■■■Cg3" 


0.93 


2.89 


3.56 (2) 


130 




Symmetry codes: (i) x, y 


+ 1, z; (ii) -x-\ 


2, -y + 1, 


-z + 1; (iii) —x + 1, — y, — z 


(iv) 


-X + 1, -y, - 


z + l; 


(v) -x + 2. 


-y + 1, -z; 


(vi) x, y - 


i,z; 


(vi.) 



-x+ 1,-y + 1, -z + 1. 



t Thomson Reuters ResearcherlD: A-3561-2009. 

§ Additional correspondence author, e-mail: suchada. c@psu.ac.th. Thomson 
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Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT 
(Bruker, 2005); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL. PLATON (Spek, 
2009) and publCIF (Westrip, 2010). 
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Bis{4-[(f)-2-(1 H-indol-3-yl)ethenyl]-1 -methylpyridinium} 4-chlorobenzene- 
sulfonate nitrate 

Hoong-Kun Fun, Ching Kheng Quah, Nawong Boonnak and Suchada Chantrapromma 

1 . Comment 

Organic molecules that exhibit second-order NLO properties usually consist of a framework with delocalized n system, 
end-capped with either a donor or acceptor substituent or both. Several pyridinium derivatives have been reported to 
exhibit second-order NLO properties such as single crystals of l-methyl-4-(2-(4-(dimethylamino)phenyl)- 
ethynyl)pyridinium />-toluenesulfonate (DAST) and its analogues (Dittrich et al, 2003; Sato et al, 1999). Based on the 
knowledge that the organic dipolar compounds with extended n systems having terminal donor and acceptor groups are 
likely to exhibit large hyperpolarizability (JS) (Raimundo et al, 2002), we have synthesized several quinolinium 
derivatives which exhibit NLO properties (Ruanwas et al., 2010). In a similar manner, the title compound (I) was 
designed and synthesized in order to study for its NLO property. Unfortunately (I) crystallizes in a centrosymmetric P- 1 
space group which precluded the second-order NLO properties. Herein the crystal structure of (I) is reported. 

In the crystal structure of (I), the asymmetric unit consists of two Ci6Hi 5 N 2 + cations, C6H4CIO3S" and NO3" anions (Fig. 
1). One cation [C23-C38/N3/N4] exhibits whole molecule disorder over two sets of sites with a refined site-occupancy 
ratio of 0.711 (7):0.289 (7). The molecule is disordered in such a way that the ethynyl unit in the major and minor (A) 
components are related by a 180° rotation. The two cations exist in the E conformation with respect to the ethenyl unit 
and the torsion angle C11-C12-C13-C14 = -178.8 (3)° for the non-disordered cation, and C27-C28-C29-C30 = 
176.8 (6)° and -179.8 (15)° for the major and minor (A) components for the disordered cation. The cations are close to 
planar with the dihedral angles between the pyridinium and the indole rings being 1.28 (3)° for the non-disordered cation, 
and 5.62 (3) and 2.45 (3)° for the major and minor components respectively for the disordered cation. The 4-chloro- 
benzenesulfonate anion also shows whole molecule disorder (Fig. 1) with a 0.503 (6):0.497 (6) site occupancy ratio. 
Bond lengths of the title compound are comparable to those in related structures (Chantrapromma et al, 2008; 
Chantrapromma & Fun, 2009) 

In the crystal (Fig. 2), the cations are stacked in an antiparallel fashion into columns approximately along the a axis and 
are further linked to the anions via N — H— O hydrogen bonds and C — H— O interactions (Table 1). C — H- -n interactions 
and k-k interactions were observed with Cg\-Cg2 m = 3.6804 (19) A, Cg2-Cg3 ni = 3.561 (2) A, Cg2-CgW> = 3.969 (7) 
A, Cgl-CgU* = 3.949 (7) A, Cg5-Cg5™ = 3.729 (5) A, Cg5-Cg%™ = 3.728 (8) A and CgS-CgS™ = 3.741 (11) A; 
Cgl, Cgl, Cg3, Cg5, Cg8, CglO and CgU are the centroids of N2/C14-C16/C21, N1/C7-C11, C16-C21, N3/C23-C27, 
N3A/C23A-C27A, C1A-C6A and C1-C6, respectively [symmetry code (viii) = -x,l-y,l- z]. 

2. Experimental 

4-[(is)-2-(l//-Indol-3-yl)ethenyl]-l-methylpyridinium iodide (compound A) was synthesized from a mixture (1:1:1 molar 
ratio) of 1,4-dimethylpyridinium iodide (2.00 g, 8.51 mmol), indole-3-carboxaldehyde (1.24 g, 8.51 mmol) and piperidine 
(0.84 ml, 8.5 1 mmol) in methanol (40 ml) under reflux for 2 h under a nitrogen atmosphere. The solid which formed was 
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filtered, washed with ether and recrystallized from methanol to give orange single crystals of compound A after several 
days. The title compound was synthesized by mixing compound A (0.24 g, 0.67 mmol) in hot methanol (30 ml) and 
silver(I) 4-chlorobenzenesulfonate (0.20 g, 0.67 mmol) in hot methanol (20 ml). The mixture, which turned yellow and 
cloudy immediately, yielded a gray solid of silver iodide. After stirring the mixture for ca. 30 min, the precipitate of silver 
iodide was removed and the resulting solution was evaporated to yield an orange solid. Orange blocks of (I) were 
recrystalized from methanol solution by slow evaporation of the solvent at room temperature after several days. 

3. Refinement 

All H atoms were positioned geometrically and allowed to ride on their parent atoms, with N — H = 0.78, 0.81 and 0.86 
A, CH and C aryl — H = 0.93 A and C racthyl — H = 0.96 A. The U ISO values were constrained to be l.5U cq of the carrier atom 
for methyl H atoms and l.2U eq for the remaining H atoms. A rotating group model was used for the methyl groups. One 
cation is whole molecule disordered over two sites with refined site occupancies ratio 0.711 (7):0.289 (7), whereas the 4- 
chlorobenzenesulfonate anion is disordered over two sites with refined site occupancies ratio 0.503 (6):0.497 (6). 
Similarity and simulation restraints were applied. The displacement ellipsoids of each of the two pairs of atoms i.e. "CL1 
C6" and "N3 C38" were restrained to be almost equal. 

Computing details 

Data collection: APEX2 (Broker, 2005); cell refinement: SAINT (Bruker, 2005); data reduction: SAINT (Bruker, 2005); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008), PLATON (Spek, 2009) and publCIF (Westrip, 2010). 



Figure 1 

The structure of (I) showing 30% probability displacement ellipsoids. Open bonds show the minor disorder components. 
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Figure 2 

The crystal packing (involving only the major components of the disordered ions) viewed along the c axis. Hydrogen 
bonds are drawn as dashed lines. 



Bis{4-[(f)-2-(1 H-indol-3-yl)ethenyl]-1 -methylpyridinium} 4-chlorobenzenesulfonate nitrate 



Crystal data 

2Ci6H 15 N 2 + -C6H 4 C103S -NCV 

M r = 724.2 1_ 

Triclinic, PI 

Hall symbol: -P 1 

a = 8.7540 (7) A 

b= 13.6648 (10) A 

c= 15.3465 (11) A 

a = 97.206 (1)° 

,0 = 91.186(2)° 

y = 99.924(1)° 

V= 1792.3 (2) A 3 

Data collection 

BrukerAPEXII CCD 

diffractometer 
Radiation source: sealed tube 
Graphite monochromator 
<p and a) scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2005) 
T mm = 0.890, r max = 0.970 



Z=2 

P(000) = 756 
£> x = 1.342 Mgm" 3 
Mo ATa radiation, 1 = 0.71073 A 
Cell parameters from 6217 reflections 
6 = 2.2-25.0° 
= 0.22 mm -1 
r= 153 K 
Block, orange 
0.55 x 0.47 x 0.14 mm 



9106 measured reflections 
6217 independent reflections 
4480 reflections with I > 2cr(I) 

i?in,= 0.021 

$max 25.0 , ^min 2.2 

A = —10 — >10 
/fc=-ll->16 
/ = -17->18 
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Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F- > 2a(F 2 )] = 0.074 

wR{F*) = 0.254 

S = 1.05 

6217 reflections 

636 parameters 

206 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F a 2 ) + (0.1598P) 2 + 0.65 \6P] 

where P = (F 2 + 2F 2 )/3 
(A/<7) max = 0.001 
A/w, = 0.87 e A" 3 
A Pmm = -0.29 e A" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 1 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. _/?-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


II *IU 

^iso ' ^ eq 


Occ. (<1) 


04 


0.7782 (12) 


0.1160 (6) 


0.5522 (4) 


0.262 (4) 




Nl 


0.3365 (3) 


-0.3639 (2) 


0.08898 (19) 


0.0675 (7) 




N2 


0.7327 (4) 


0.2710 (2) 


0.1516(2) 


0.0737 (8) 




H1N2 


0.7335 


0.3279 


0.1670 


0.088* 




Cll 


0.6552 (6) 


0.9687 (3) 


0.3630 (3) 


0.0776 (10) 


0.497 (6) 


SI 


0.7770 (6) 


0.5393 (3) 


0.1964 (3) 


0.0744 (15) 


0.497 (6) 


01 


0.7041 (10) 


0.5304 (5) 


0.1112(4) 


0.118(3) 


0.497 (6) 


02 


0.9408 (8) 


0.5430 (5) 


0.1947 (6) 


0.125 (3) 


0.497 (6) 


03 


0.7660(11) 


0.4712(6) 


0.2529 (4) 


0.085 (3) 


0.497 (6) 


CI 


0.7483 (7) 


0.6565 (5) 


0.2512(6) 


0.054 (3) 


0.497 (6) 


C2 


0.8661 (9) 


0.7372 (6) 


0.2595 (12) 


0.073 (4) 


0.497 (6) 


H2A 


0.9675 


0.7284 


0.2493 


0.087* 


0.497 (6) 


C3 


0.8328 (13) 


0.8344 (6) 


0.2838 (18) 


0.085 (6) 


0.497 (6) 


H3A 


0.9055 


0.8907 


0.2763 


0.102* 


0.497 (6) 


C4 


0.6954 (12) 


0.8448 (4) 


0.3177 (9) 


0.054 (3) 


0.497 (6) 


C5 


0.5768 (13) 


0.7615 (6) 


0.3125 (15) 


0.073 (5) 


0.497 (6) 


H5A 


0.4798 


0.7685 


0.3334 


0.087* 


0.497 (6) 


C6 


0.6042 (14) 


0.6676 (7) 


0.2757 (18) 


0.104 (9) 


0.497 (6) 


H6A 


0.5235 


0.6129 


0.2681 


0.124* 


0.497 (6) 


C11A 


0.7176 (7) 


0.9748 (3) 


0.3728 (4) 


0.1076(17) 


0.503 (6) 


S1A 


0.7200 (6) 


0.5307 (3) 


0.1879 (2) 


0.0713 (13) 


0.503 (6) 


OlA 


0.8297 (9) 


0.5400 (5) 


0.1208 (5) 


0.115 (3) 


0.503 (6) 


02A 


0.5651 (8) 


0.4921 (4) 


0.1546 (5) 


0.108 (2) 


0.503 (6) 


03A 


0.7044(13) 


0.4664 (6) 


0.2478 (5) 


0.107 (4) 


0.503 (6) 


CIA 


0.7204 (9) 


0.6543 (5) 


0.2395 (8) 


0.063 (3) 


0.503 (6) 


C2A 


0.8482 (11) 


0.7269 (6) 


0.2379 (12) 


0.078 (5) 


0.503 (6) 
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HzAA 


0.9299 


A T 1 A A 

0.7149 


A o An 

0.2027 


A A A A * 

0.094* 


A CAO 

0.503 (6) 


p < o a 

C3A 


0.8555 (13) 


A OOAO ZO\ 

0.8208 (8) 


A O AA 1 / 1 £.\ 

0.2901 (16) 


A ATA /C\ 

0.0/9 (5) 


A CAT /£N 

U.5U3 (6) 


T TO A A 

H3AA 


A A /I A A 

0.9494 


A 0/"f 1 

0.8651 


A O A A 1 

0.3001 


A A A C sk 

0.095* 


A CAO //'A 

0.503 (6) 


C4A 


A TO CO /I 0\ 

0. /258 (12) 


a OK'} /^A 

0.8453 (6) 


0.3251 (13) 


a i AO ZO\ 

0.108 (8) 


A f AO 

0.503 (6) 


/"* C A 

L5A 


0.5943 (14) 


A TT 1 O /T \ 

0.7713 (7) 


0.3256 (16) 


A AO/T /H\ 

0.086 (7) 


A CAO 

0.503 (6) 


T ir a A 

H5AA 


A CA/CT 

0.506/ 


A TQ/CO 

0. /863 


A 1 CO A 

0.3539 


A 1 AO * 

0.103* 


A CAO S£\ 

0.503 (6) 


Co A 


A C(\ AO / A \ 

0.5948 (9) 


A /"T A H /f\ 

0.6747 (5) 


A OOOI /I 1\ 

0.2832 (12) 


A AC A / A \ 

0.054 (4) 


A CAO t f\ 

0.503 (6) 


TJ/C A A 

H6AA 


A CAOQ 

0.5088 


0.6246 


A O O C 1 

0.285 1 


A A/CC* 

0.065* 


A f AO 

0.503 (6) 


L10 


A "5 AAC / A\ 

0.3905 (4) 


A 1 A 1 A /O \ 

-0.1910 (3) 


A 1 O "7 A ZO\ 

0.1379 (2) 


A A^*71 /A\ 

0.0671 (9) 




HI OA 


0.3681 


A 1 1 £ C 

—0.1366 


A 1 If 1 

0.1 /51 


A AOA* 

0.080* 




/~1A 

C9 


A O AA1 / A \ 

0.3092 (4) 


A 1 OO A /O \ 

-0.2839 (3) 


A 1 /I 1 A /O \ 

0.1429 (2) 


0.0720 (9) 




on a 
H9A 


0.Z333 


A O AO A 

—0.2924 


A 1 O /I O 

0. 1842 


A AOjC* 

0.086* 




Co 


0.4452 (4) 


A If 11 /O \ 

-0.3513 (3) 


A AO AO /OA 

0.0303 (2) 


a azc:ao /a\ 
0.0693 (9) 




T TO A 

H8A 


A /I /'O T 

0.4637 


A A r\y c 

-0.4065 


A AATO 

-0.0073 


A AOO ± 

0.083* 




C7 


A f 1 A A / -1 \ 

0.5300 (4) 


-0.2594 (3) 


A AO O A /OA 

0.0239 (2) 


0.0662 (8) 




H7A 


0.6052 


-0.2530 


-0.0179 


A ATA sfc 

0.079* 




rti 1 

Cll 


A C A/T C /-IN 

U.5U65 (4) 


—0.1 /5 / (2) 


A CiHQA /ON 
U.U /54 (2) 


A ACOC /ON 

U.U5s5 (a) 




C12 
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-5 (2) 


C29A— C30A— C37A— C36A 


1(5) 


C38— N3— C24— C23 


176.6(12) 






Hydrogen-bond geometry (A, °) 








Cg3, Cg6, Cg7 and Cg9 are the centroids of the C16-C21, C32-C37, mA/C30A-C32A/C37A and C3Z4-C37.4 rings, respectively. 


D—R-A 


D — H R-A D-A 




N2— H17V2-03^ 


0.78 


2.19 2.937 (9) 


161 


N4— H1/V4-04 1 


0.81 


2.43 3.220(11) 


165 


N4— H1/V4-05 1 


0.81 


2.32 2.987 (8) 


141 


C3A—H3AA-05" 


0.93 


2.43 3.246 (13) 


146 


C8—mA-02A m 


0.93 


2.40 3.213 (8) 


146 


CIO — H10^-O5 iv 


0.93 


2.51 3.234(6) 


134 


C18— H18^-0U V 


0.93 


2.52 3.345 (8) 


148 


C22— H22^-OU" i 


0.96 


2.45 3.368 (9) 


160 


C22— H22C-02^ V1 


0.96 


2.32 3.082 (9) 


136 


C26— H26^-06 v " 


0.93 


2.53 3.440(7) 


168 


C15— H15^-Cg6™ 


0.93 


2.71 3.550(6) 


151 


C15— H15^-Cg7™ 


0.93 


2.94 3.844 (10) 


165 


C15— H15^-Cg9™ 


0.93 


2.83 3.656 (13) 


149 
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C34— H344--Cg3" 0.93 2.78 3.602 (7) 149 

C38— H38C-Q6 a 0.96 2.95 3.714 (8) 137 

C38— H38C-Cg9 v " 0.96 2.83 3.627 (14) 141 

C34A—R34B-Cg3 il 0.93 2.89 3.56 (2) 130 

Symmetry codes: (i)x,y+l,z; (ii) -x+2, -y+l, -z+1; (iii) -x+l, -y, -z; (iv) -jc+1, -y, -z+1; (v) -x+2, -y+l, -z; (vi) jc,j>-1,z; (vii) -jc+1, -y+\, -z+1. 
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